TIP OPTICAL ELEMENT FOR IMMERSION MICROSCOPE OBJECTIVES 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to an improvement on a tip optical element for immersion 
objectives of a high resolving power, used in a microscope. 

2. Description of Related Art 

In order to obtain a high resolving power and a high magnification, immersion 
objectives have been used in such a way that space between a specimen and a front 
lens (a tip optical element) of a microscope objective is charged with a liquid, such as 
water or oil, which has a higher refractive index than in air. In the front lens, a 
hemispherical or nearly hemispherical lens is used, and in order to improve correc- 
tion for aberration, a minute lens which is different in dispersion or refractive index 
from the front lens is often embedded in the middle portion of the tip of the lens 
(refer to Fig. 2 of Japanese Utility Model Kokai No. Hei 4-46416, for instance). 

An objective using such a front lens, as shown in Fig. 1 (corresponding to Fig. 5 
of the above publication), has the problem that a detrimental ray of light 60 is inci- 
dent on the front lens 90 from outside the effective diameter thereof to produce flare. 
In order to solve this problem, some methods of blocking the detrimental ray 60 inci- 
dent from outside the effective diameter of the front lens 90 have been proposed. 
For example, there are, as shown in Fig. 2, a method of cementing a stop 30 to a 
frame 70 holding the front lens 90 to block the detrimental ray 60; as in Fig. 3, a 
method of providing a flange 40 to the lens holding frame 70 and holding the front 
lens 90 by caulking or cementation to block the detrimental ray 60 with this flange 
40; and as in Fig. 4, a method of evaporating a metal film 50 outside the effective 
diameter of a beam of light on the surface of the front lens 90 to block the detrimen- 
tal ray 60. 
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In the evaporation of metal film 50, the lens must be treated at temperatures of 
200-300 °C. When the minute lens is embedded in and cemented to the front lens 
90, the embedded lens sometimes comes loose due to such high temperatures. Usu- 
ally, the minute lens, after being embedded (see Fig. 5A), is ground so that an end 
surface A of the minute lens is flush with an end surface B of the lens in which the 
minute lens is embedded (see Fig. 5B). This is because if there is a step on the sur- 
face of the tip of the objective, air bubbles will easily enter into oil or water with 
which the space between the tip of the objective and the specimen is charged. Con- 
sequently, it is not proper that the metal film 50 is evaporated before the minute lens 
is embedded. 

SUMMARY OF THE INVENTION 

The tip optical element for immersion microscope objectives according to the 
present invention includes a first optical element and a second optical element, ce- 
mented to each other, and has an annular light-blocking area on an interface between 
them. 

Further, the tip optical element for immersion microscope objectives according 
to the present invention includes a first optical element and a second optical element. 
In this case, a light-blocking area is provided on a surface of one of the first optical 
element and the second optical element so that an effective light beam is not blocked, 
and the first optical element and the second optical element are cemented to each 
other, with the surface on which the light-blocking area is formed, sandwiched be- 
tween them. 

Still further, the tip optical element for immersion microscope objectives ac- 
cording to the present invention includes a first optical element, a second optical 
element, and a third optical element. In this case, a light-blocking area is provided 
on a surface of one of the first optical element and the second optical element so that 
an effective light beam is not blocked, and the first optical element and the second 
optical element are cemented to each other, with the surface on which the light- 



blocking area is formed, sandwiched between them. In addition, the third optical 
element is embedded at the center of the first optical element and the second optical 
element. 

These and other features and advantages of the present invention will become 
apparent from the following detailed description of the preferred embodiments when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing schematically a state where detrimental light is incident 
from outside the effective diameter of a conventional front lens to produce flare; 

Fig. 2 is a sectional view showing schematically a method of cementing a stop to 
the lens holding frame of the conventional front lens to block a detrimental beam; 

Fig. 3 is a sectional view showing schematically a method of providing a flange 
to the lens holding frame of the conventional front lens to block the detrimental 
beam; 

Fig. 4 is a view showing schematically a method of evaporating a metal film on 
the surface of the conventional front lens to block the detrimental beam; 

Figs. 5 A and 5B are explanatory views showing states of the end surface of a 
minute lens and the end surface of a lens in which the minute lens is embedded; 

Fig. 6A is a view showing schematically a state of incidence of rays of light on a 
front lens in a first embodiment of the tip optical element for immersion microscope 
objectives according to the present invention; 

Fig. 6B is an explanatory view showing a method of forming the front lens in the 
first embodiment; 

Fig. 7 A is a view showing schematically a state of incidence of rays of light on a 
front lens in a second embodiment of the tip optical element for immersion micro- 
scope objectives according to the present invention; 

Fig. 7B is an explanatory view showing a method of forming the front lens in the 
second embodiment; and 



Fig. 8 is a sectional view showing a modified example where a concave portion 
is formed at the center of the front lens of the tip optical element for immersion mi- 
croscope objectives according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the embodiments shown in the drawings, the present inven- 
tion will be described below. Before undertaking the description of the embodiment, 
the function and effect of the present invention will be explained. 

According to the present invention, the detrimental beam can be blocked, 
without cementing the stop to the lens frame or providing the flange to the lens frame, 
and thus a sufficient space can be ensured between the objective and the specimen. 
Furthermore, since a member used for the light-blocking area does not come in direct 
contact with a solution like water or oil, a metal evaporation substance, paint, or met- 
al leaf can be used without restriction. For example, the metal evaporation sub- 
stance is used when the position accuracy of the light-blocking area is improved, the 
paint is used when various colors are employed at low cost, and the metal leaf is used 
when the process of cementation with optical elements or the formation of the light- 
blocking area is facilitated. In this way, materials can be selected in accordance 
with applications and requirements. 

The member used for the light-blocking area, which does not come in contact 
with the solution, has no adverse effect on water, oil, or the specimen. Since the 
light-blocking area is located inside the front lens which is the tip optical element, no 
change occurs in the light-blocking area even though the operation that the solution, 
such as water or oil, on the surface of the tip of the objective is wiped off is repeated 
many times after microscopy. 

In particular, according to the present invention, a front lens in which correction 
of aberration is improved can brought about the same function and effect as in the 
above description. 

The present invention proposes the method of making the front lens of the im- 



mersion microscope objective, that is, the method of making the front lens in such a 
way that the light-blocking area is provided on one of the first optical element and 
the second optical element which constitute the front lens so that an effective light 
beam is not blocked, and the first optical element and the second optical element are 
cemented to each other, with the surface on which the light-blocking area is formed, 
sandwiched between them. When this method is used, the front lens provided with 
the above function and effect can be fabricated. 

Further, the present invention proposes the method of making the lens of the ty- 
pe that a minute lens which is different in dispersion or refractive index from the 
front lens is embedded in the middle portion of the tip of the front lens in order to 
improve correction of aberration with the immersion objective, that is, the method of 
making the front lens in such a way that the light-blocking area is provided on the 
entire surface of one of the first optical element and the second optical element 
which constitute the front lens; the first optical element and the second optical ele- 
ment are cemented to each other, with the surface on which the light-blocking area is 
formed, sandwiched between them; a concave potion is formed at the center in this 
state of cementation; and the third optical element is embedded in the concave por- 
tion. When this method is used, the front lens provided with the above function and 
effect can be fabricated. In this case, even though the light-blocking area such that 
an effective beam is ensured is not formed in the first optical element or the second 
optical element, an effective beam area is formed when the concave portion for em- 
bedding the third optical element is provided, and thus the high efficiency of fabrica- 
tion becomes possible. The third optical element is embedded and cemented after 
the formation of the light-blocking area, and hence even when the light-blocking area 
is formed by evaporation, thermal loose of the third optical element embedded and 
cemented is not caused. 
First embodiment 

Figs. 6A and 6B show the first embodiment of the tip optical element (the front 



lens) for immersion microscope objectives according to the present invention. In 
these figures, reference numeral 1 represents a specimen, 2 represents a medium such 
as oil or water, and 3 represents a metal film which is a stop provided between a 
plane-parallel optical element 4 and an optical element 5 which are cemented to each 

5 other. The metal film 3, the plane-parallel optical element 4, and the optical ele- 

ment 5 constitute the front lens. A light beam from the specimen 1 is such that a 
detrimental beam 6 is blocked by the stop consisting of the metal film 3 and only an 
effective beam 7 can be passed through the front lens. 

The metal film 3 is made of chromium oxide or titanium oxide, and as shown in 

10 Fig. 6 A, is annularly evaporated in vacuum on the surface, on the side of the optical 

element 5, of the plane-parallel optical element 4 so that the effective beam incident 
on the surface of the optical element 5 to be cemented is not blocked. After that, 
the plane-parallel optical element 4 is cemented to the optical element 5 with the 
metal film 3 sandwiched between them. In this way, the front lens is formed. The 

15 metal film 3 may be evaporated not on the surface of the plane-parallel optical ele- 

ment 4, but on the surface of the optical element 5 to be cemented. 

When the front lens formed as mentioned above is incorporated in the lens frame, 
the detrimental light is now blocked without cementing the stop to the lens frame or 
providing the flange to the lens frame as in the conventional method. Thus, a suffi- 

20 cient space can be ensured between the tip of the front lens and the specimen 1 and 

there is no loss in a working distance (a distance from the specimen to the tip of the 
objective). Moreover, since the stop of the metal film is formed inside the front 
lens, the degradation of the metal film is not caused and there is no problem of dura- 
bility thereof. 

25 Second embodiment 

Figs. 7A and 7B show the second embodiment of the tip optical element (the 
front lens) for immersion microscope objectives according to the present invention. 
In these figures, like numerals are used for practically like members with respect to 
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the first embodiment and their explanation is omitted. 

In order to improve correction for aberration, the second embodiment is con- 
structed so that a minute lens 8 which is different in dispersion or refractive index 
from the front lens is embedded in the middle portion of the tip of the front lens. A 
light beam from the specimen 1, as shown in Fig. 7A, is such that the detrimental 
rays 6 are blocked by the stop consisting of the metal film 3 provided between the 
plane-parallel optical element 4 and the optical element 5 which are cemented to 
each other, and only the effective beam 7 can be transmitted through the front lens. 

The front lens of this type is formed by the following procedure. As shown in 
Fig. 7B 5 the metal film 3 made by chromium oxide or titanium oxide is first evapo- 
rated in vacuum on the whole of the surface of the plane-parallel optical element 4 to 
be cemented to the optical element 5, and the optical element 5 is cemented to the 
plane-parallel optical element 4, with the metal film sandwiched between them. 
Then, a concave portion 9 for embedding the minute lens 8 is worked at the center, 
from the plane-parallel optical element 4 toward the optical element 5, and a lens 8' 
to be worked is embedded in and cemented to the concave portion 9. After that, an 
unnecessary part of the lens 8' is cut and its surface is ground to eliminate a step. 
Also, the metal film 3 may be formed not on the surface of the plane-parallel optical 
element 4, but on the surface of the optical element 5 to be cemented. 

In this fabrication method, since the embedding lens 8' can be held by the metal 
film 3 to the utmost possible limit of its effective diameter, the detrimental beam 6 
can be blocked more effectively than in the conventional method of cementing the 
stop to the lens frame or providing the flange to the lens frame. Furthermore, the 
beam can be restricted behind an edge 8a of the embedded lens 8, and thus there is 
no fear that flare is produced by confusion light. In addition, since as in the first 
embodiment a sufficient space can be ensured between the tip of the front lens and 
the specimen 1, there is no loss in the working distance. Since the stop of the metal 
film is formed inside the front lens, the degradation of the metal film is not caused 



and there is no problem of durability thereof. 

Also, although it is described in the first and second embodiments that the light- 
blocking area annularly formed is constructed with the metal film, paint or metal leaf 
may be applied to the light-blocking area. In the second embodiment, without em- 
5 bedding the minute lens 8, the concave portion 9, as shown in Fig. 8, can also be 

used as it is. This is because the concave portion 9 is charged with the solution, 
such as oil or water, and thereby a lens can be formed instead of the minute lens 8. 
In this case, the front lens can be fabricated at a lower cost. 
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